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Emotional contagion can be defined as the transfer of an emotional state from the demonstrator of 
that state towards an observer. Social buffering is a process by which the demonstrator has a reduced 
stress response due to the presence of one or more other individuals. While both processes are well 
studied separately, it is unknown whether and how both processes are related. Therefore, the aim of 
this study was to investigate the relation between emotional contagion and social buffering in pigs. 
Hereto correlations were performed between measures of emotional contagion (i.e., the difference 
in behaviour of observer pigs between a situation with and without demonstrator pigs present) and 
measures of social buffering (i.e., the difference in behaviour of demonstrator pigs in a negative 
situation with and without observer pigs present). The results did not point towards a clear and 
consistent relation as only few and contrasting correlations between measures of emotional contagion 
and social buffering were found, and after correcting for chance no significant correlations remained. 
To conclude, more research is needed on the relation between emotional contagion and social 
buffering to shed light on how and when emotions will spread through and/or are buffered in a group of 
animals.
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When an animal expresses a positive or negative emotional state1–3, other animals may sense this and become 
‘infected’ with this emotional state. This process is referred to as emotional contagion4–6. Emotional contagion 
has been described to be present in a wide number of species7 such as, for instance, rats8 and ravens9, and it also 
seems to occur in pigs10–13. Emotional contagion is considered essential for an adaptive social life14 as sharing 
emotional states can facilitate social interactions and communication between individuals, resulting in higher 
cooperation and coordination among and better bonding between group members, and thereby promoting 
survival of the group7,15,16.

Another process that can occur in socially living animals is social buffering. During this process an individual’s 
distress response to a stressor is less intense due to the presence of one or more other animals17–19. There are 
two ways through which distress responses can be buffered: through the mere presence of the other animal(s) 
(i.e., passive social buffering) or through their active behaviours such as consolation and other forms of helping 
behaviour (i.e., active social buffering)18,20,21. Social buffering has been reported in a variety of animal species17,22, 
for example in chickens20, zebrafish23 and pigs24–27. Similar to emotional contagion, social buffering is thought 
to positively contribute to group life as the process can, for example, be used to communicate information to 
others, maintain bonds between individuals, and promote health and survival17–19,22,28. In both processes, the 
senses play a role as for emotional contagion to occur the observer has to see, hear, touch and/or smell the 
emotional state of the demonstrator16,29–33, and for social buffering to occur the distressed animal must perceive 
- using its senses - that a partner is present17–19,28. Whether all senses are needed or whether one sense suffice, is 
species-specific and likely depends on the type of emotion or stressor16–19,28,32.

Studies in pigs10,11 and rats34 indicated the presence of negative emotional contagion as observers of the 
emotional state of others (i.e., the demonstrators) became incited with this same negative emotional state. In 
addition, it was found that the demonstrators seemed to have a reduced negative emotional state due to the 
presence of the observers, suggesting the occurrence of social buffering. It is, however, to our knowledge not 
clear whether and how both processes are related20,30. Interestingly, a study in chickens showed that when 
hens were more aroused by observing their chicks undergoing an aversive stimulus, buffering of the chicks’ 
stress response by these hens was less strong20. Emotional contagion and social buffering may, thus, possibly 
be negatively related. On the other hand, a study performed with human subjects35 suggested that buffering 
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of negative emotional states is stronger if the demonstrator of the negative emotional state and the observer 
‘feel’ emotionally more similar than when they experience different emotional states. Another possible relation 
between both processes could therefore be that emotional contagion is needed for buffering to take place and 
that they are, thus, positively related.

Pigs have elaborate social36,37 and cognitive skills37–39 and communicate using a range of senses, but mainly 
through sound and smell37,38. As both emotional contagion and social buffering have been found to occur in 
pigs, pigs are a good model species to use to investigate the relation between emotional contagion and social 
buffering. The aim of this study was therefore to investigate which of these two suggested relations between 
emotional contagion and social buffering20,35 would occur in pigs. Hereto, we used the data of Reimert et al.11 
and followed a similar procedure to the study in chickens by Edgar et al.20.

Results
To investigate whether the degree of emotional contagion expressed by the observer pigs was related to their 
effectiveness of buffering the negative emotional state of the demonstrator pigs, correlations were performed 
between the difference in behaviour of the observer pigs in a test room either with presence of demonstrator 
pigs in a negative treatment or without demonstrator pigs present (as a measure of emotional contagion) and the 
difference in behaviour of the demonstrator pigs during the negative treatment they were exposed to with and 
without observer pigs present (as a measure of social buffering).

Three correlations were found to be significant (P < 0.05) and there was one tendency for a correlation 
(P < 0.10). The observer pigs’ difference in number of faecal droppings was positively correlated with the 
demonstrator pigs’ difference in percentage of time with the tail in a curl (Fig. 1a), and negatively correlated 
with the demonstrator pigs’ difference in percentage of time tail wagging (Fig. 1b), the observer pigs’ difference 
in frequency of urinating was positively correlated with the demonstrator pigs’ difference in percentage of time 
tail wagging (Fig.  1c), and lastly, the observer pigs’ difference in percentage of time ears backwards tended 
to be positively correlated with the demonstrator pigs’ difference in percentage of time escape behaviour 

Fig. 1.  Correlations between the observer pigs’ possible emotional behavioural response to the negative 
emotional state of the demonstrator pigs and observer pigs’ possible social buffering effect of the negative 
emotional state of the demonstrator pigs. The correlation coefficient (r) and P-value of the correlation are given 
for each found correlation (panel a-d).
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(Fig. 1d). Some individual demonstrator pairs of pigs differed a lot in tail in curl (Fig. 1a) and escape behaviour 
(Fig. 1d) from the other pigs. Removing these outlier values, however, did not change these two correlations 
(for the correlation in Fig. 1a: r = 0.571, p = 0.026; for the correlation in Fig. 1d: r = 0.579, p = 0.030). No other 
significant or tendencies for correlations between the observer and demonstrator pigs’ responses were found 
(Supplementary Table 1). However, four correlations out of 49 correlations tested is not above chance (i.e., after 
Bonferroni correction no significant correlations remained with a new P-value of 0.001). 

Discussion
In this study, we aimed to investigate whether and how emotional contagion and social buffering could be related 
in pigs. If pigs first need to share the negative emotional state of other pigs, before being able to buffer the negative 
emotional state of these others, a positive relation between both processes would be expected. Alternatively, they 
could be negatively related if pigs that are less affected by the negative emotional state of others can better buffer 
the other pigs’ negative emotional state. To study the relation between emotional contagion and social buffering 
we correlated measures of social buffering (represented by the difference in behaviour of demonstrator pigs 
under stress with and without observer pigs present) and emotional contagion (represented by the difference in 
behaviour of observer pigs with and without demonstrator pigs under stress present). Our results did not clearly 
point towards one of the two proposed relations as only few and contrasting correlations between measures of 
social buffering and emotional contagion were found.

Three significant correlations and one tendency for a correlation between the difference in behavioural 
responses of the pairs of demonstrator and observer pigs in the presence or absence of the other pairs were 
found. A positive correlation between the observer pigs’ difference in faecal droppings with and without stressed 
demonstrator pigs present – indicative of emotional contagion - with the demonstrator pigs’ difference in tail in 
curl with or without observer pigs present – as indicator of social buffering - was found. This could suggest that 
pigs may be better able to buffer the negative emotional state of other pigs if they share the negative emotional 
state of these others35, as much defecating is considered to be an indicator of a negative10,40 and tail in curl 
of a neutral to positive emotional state10,41. The positive correlation between the observer pigs’ difference in 
urinating, associated with a negative emotional state10,42,43, with the demonstrator pigs’ difference in tail wagging, 
likely indicating a positive emotional state10,44, points in the same direction. In contrast, however, the negative 
correlation between the observer pigs’ difference in faecal droppings with the demonstrator pigs’ difference in 
tail wagging suggests that pigs that are less negatively affected by the negative emotional state of others, can 
better buffer that negative emotional state20. The last correlation, a tendency for a positive correlation between 
the observer pigs’ difference in ears back with the demonstrator pigs’ difference in escape behaviour, with both 
behaviours associated with a negative emotional state10,13,40,45,46, would support such a negative relationship 
between emotional contagion and social buffering. Thus, our study does not point to an unequivocal relationship 
between emotional contagion and social buffering, and, moreover, when correcting for chance, no significant 
correlations remained at all.

One reason for the absence of consistent relationships between indicators of emotional contagion and social 
buffering could be the choice of the seven behaviours tested. The occurrences of these behaviours have been 
demonstrated to differ during positive versus negative events in pigs, also in pigs from the present study, and 
were assumed to be indicative of valence11. Time spent standing alert, however, even though generally associated 
with stress and fear27,47–49 does not always differ between pigs exposed to positive and negative events10,11, and, 
moreover, even increased in the presence of observer pigs in the present study11, likely reflecting heightened 
attention or arousal rather than a negatively valenced emotional state only. This indicates that this behaviour may 
not be an unambiguous indicator of a negative state, but may also reflect attention or arousal. In addition, tail 
in curl has been considered to be an indicator of a neutral to positive emotional state10,41, whereas in pigs from 
the present study it was seen less during a positive situation11, probably because the increase in tail wagging that 
occurred in this situation was at the expense of tail in curl. Also, not all behaviours tested were (always) affected 
by social buffering and/or emotional contagion in previous studies10,11,13,27.

In addition, the expression of some behaviours varied largely between individual pigs and pairs of pigs. 
Such individual differences in behaviour under stressful conditions could therefore be another reason for the 
inconsistency in results. A characteristic of individual pigs that affects their behaviour under stressful conditions 
is their coping style or personality. Pigs with a more proactive coping style are more likely to show increased 
activity under stress, as indicated by, for instance, more walking and escape behaviour, whereas reactive pigs 
tend to display more passive behaviours when stressed, such as standing alert27,50–53. Moreover, social buffering 
of stress-related behaviours also has been shown to depend on coping style27, with reactive pigs seemingly 
benefitting more from social buffering than pigs with a proactive coping style (by pigs with a similar coping style). 
The coping style of the pigs in the present study may thus both have influenced the expression of behaviours 
scored, and the effectiveness of social buffering, which may have obscured potential correlations. Apart from 
coping style, other modulating factors of emotional contagion and/or social buffering, such as the bond or 
relationship between the individuals, sex, familiarity and age have been reported7,15,17–1932,54, of which only the 
bond between individuals may have diverged in this study, as pigs were all of equal age and sex. Moreover, the 
effectiveness of both processes may be influenced by the number and type of senses available to use1617–1928,32. 
In this study, the pigs could not see and touch each other. It could be that both processes would have been more 
clear and thereby finding more significant correlations when they could have seen and touch each other. This 
seems, however, unlikely as for pigs hearing and smelling are more important in communication than seeing 
and touch37,38.

The putative relationship between emotional contagion and social buffering may be more complex than 
assumed to reveal consistent correlations in our approach. Firstly, a potential difference in timing of social 
buffering and emotional contagion may have masked potential relationships as both processes were studied over 
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a period of 4 min, whereas it is unknown whether they are simultaneously and continuously going on or follow 
each other, and for how long they last. In addition, in our study we used the behaviour of demonstrator pigs 
in presence or absence of their observers to reflect social buffering, and, vice versa, the behaviour of observer 
pigs in presence or absence of the demonstrator pigs to reflect emotional contagion, but it cannot be excluded 
that both processes occurred in all pigs, irrespective of their status as negative-emotional-state demonstrator, or 
as observer. The timing and direction of both processes could be studied more in depth in future research by 
analysing the behaviour of the paired animals sec to sec using Granger causality34. Granger causality is a statistical 
concept that can be used to explore the relation between two variables (e.g., two behaviours) for a certain time 
interval (e.g., a sec). Briefly, it shows whether the past occurrence of a variable explains the present occurrence of 
another variable. Higher G-causality values indicate higher temporal coupling of the two variables34.

Secondly, the relation between social buffering and emotional contagion may also depend on whether active 
or passive social buffering takes place. In studies on active social buffering (helping behaviour) in humans35 and 
rats55 the observers first became negatively incited with the distress of the demonstrators, after which they could 
buffer the distress of the demonstrators by showing helping behaviour. It has even been proposed that emotional 
contagion is a key process needed for helping behaviour to occur33,56,57. It is unknown whether the same is true 
for passive social buffering as, to our knowledge, no previous studies have investigated its relationship with 
emotional contagion, and the results of our current study are inconclusive.

Thirdly, apart from contagion of the valence dimension of the emotional state, also socially-mediated 
arousal, or behaviour contagion may have influenced the behavioural responses of the pigs. These processes 
and their effects on behaviour may be dissociable from the effects of valence contagion58 and hence may show 
a different relationship with social buffering. Whereas behaviour contagion likely played a minor role in our 
study as observer and demonstrator pigs were not able to see each other, arousal contagion may have affected 
the outcome of the correlations. Arousal or stress contagion and passive social buffering have been shown to 
be negatively correlated in the elegant study of Edgar et al.20, indicating that the less observers are aroused by 
the distress of demonstrators, the better they buffer the demonstrators’ distress. A similar relation seems to 
be present for arousal contagion and active social buffering. For instance, it has been found that observer rats 
with a high corticosterone response in reaction to observing demonstrator rats being trapped were less likely 
to help the trapped rats compared with observer rats with a lower corticosterone response55. A recent study in 
pigs suggested a similar relationship between arousal contagion and helping behaviour45. In a case study in wild 
boar, however, in which an adult female released two young animals from a cage trap, it was unclear whether 
the response of the helping female reflected high arousal, a negatively valenced state, or both59. Thus, (active) 
social buffering is not necessarily related in the same way to arousal contagion as it is to valence contagion. Even 
though our study focused on behaviours assumingly reflecting the valence component of the pigs’ emotional 
states, we cannot exclude that (some of) these not only reflect valence, but also arousal. If so, this might be 
one of the reasons for the absence of clear and consistent correlations between social buffering and emotional 
contagion.

To conclude, we did not find indications of clear and consistent relations between social buffering and 
emotional contagion. More research is needed on the relation between emotional contagion and social buffering 
to shed light on how and when emotions will spread and/or are buffered within a group of animals such as 
pigs. With this knowledge, we may, in turn, be able to improve the health and welfare of both wild and captive 
animals7,20,54.

Methods
Ethical statement
This study was approved by the Animal Care and Use Committee of Wageningen University (code 2012100.b). 
The experiment was performed in accordance with established principles of laboratory animal care and use, 
as well as with the Dutch law on animal experiments and the European Directive 2010/63/EU. The ARRIVE 
guidelines for reporting animal experiments were taken into account in this study60.

Animals and housing
For this study, data of a subset of the pigs (i.e., 64 of the 96 pigs) of Reimert et al.11 were re-used. In that 
study, evidence for emotional contagion and social buffering was found, allowing for studying their potential 
relationship. Briefly, 64 Pietrain x (Great Yorkshire x Dutch Landrace) gilts were equally divided over two 
batches and 16 pens (eight pens per batch). Gilts were born at an organic farm in Raalte, the Netherlands and 
transported to experimental farm ‘Carus’ of Wageningen University, Wageningen, The Netherlands at 9 weeks 
of age. They were housed in pens of 5.1 m2 with the floor covered with wood shavings (68 l) and straw (around 
1.5 kg). Pens were cleaned every day after which fresh straw and wood shavings (together about 500 g) were 
added. Food (a standard commercial diet for growing pigs) and water were available ad libitum. Lights were on 
between 7 a.m. and 7 p.m. Pigs could be individually recognized by an ear tag and a number sprayed (Raidex 
spray, Kommer Biopharm B.V., Heiloo, The Netherlands) on their backs.

Behavioural observations of demonstrator pigs
During a period of about 3.5 weeks, 32 demonstrator pigs (i.e., the training pigs in11) (two pigs/pen) were 
subjected to a positive treatment consisting of 4-min access in pairs to a 15.5 m2 compartment filled with straw, 
peat and several chocolate raisins hidden in the substrate, and a negative treatment consisting of 4-min of social 
isolation in a 2.3 m2 compartment combined with unpredictable negative events, such as restraint and loud 
noises, to induce respectively a positive and negative emotional state (see for all details in11 and below for the 
most relevant details for this paper only). Both compartments were located in a test room. All pigs walked to the 
test room by themselves (max 12 m from their home pen).
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In this 3.5-week period, each pair of demonstrator pigs was subjected to two treatment sessions per day, one 
in the morning and one in the afternoon, during which they were exposed to either the positive treatment or 
the negative treatment, in a balanced way. There were at least 3 h between the two daily sessions for each pen. 
After each negative session, the defecations on the floor of the compartments were removed after which the 
floors (and walls) were scrubbed using a cleaning brush, water and cleaning agent and subsequently dried with a 
towel. The order in which the demonstrator pigs were subjected to the treatments, and the order of positive and 
negative treatments on a day was randomized for pen and day throughout the entire period, but in such a way 
that all pens experienced the positive and negative treatments the same number of times. The first 12 days pigs 
were exposed to the treatments every day of the week, and thereafter pigs were not exposed to the treatments 
in the weekend. The negative treatment consisted of different stressful events, to prevent habituation to the 
negative stimuli. On days 2, 4, 9, 12, 16, 19, 22 and 25, a person (not one of the experimenters) entered one of the 
negative compartments either directly or 2 min after the start of the treatment and restrained the pig there with 
a nose sling for 15 s. Thereafter, the same handling was done to the pig in the other negative compartment. On 
days 3, 5, 8, 11, 17 and 18, this person only threatened to restrain the pig by approaching the pig with the nose 
sling. On days 6 and 10, air from a noisy vacuum cleaner was blown for 15 s into both negative compartments at 
floor level at one min after the start of the treatment, and on days 7 and 15, two balloons, one at the level of each 
compartment, were simultaneously punctured with a needle at one min after the start of the treatment. On days 
1, 23, 24 and 26, no additional handlings were carried out.

Thereafter, to test for emotional contagion of both emotional states, these pigs were again subjected to both 
treatments, but this time two of their pen mates, the observer pigs (i.e., the naïve pen mates in11) (n = 32 in total, 
two pigs/pen), were present in the same room in another compartment, but not experiencing the positive and 
negative treatment themselves. Demonstrator and observer pigs could hear and smell, but not see or touch each 
other when they were in their respective compartment(s).

For the aim of this study, we took the behaviour (ethogram in Table 1) of the demonstrator pigs during the 
negative treatment without (average of days 23 and 24 of the 3.5-week period) and with observer pigs present 
(day 26) into account. Defecating on these days was scored by counting the number of faecal droppings, and 
urinating was scored as having occurred or not. The other behaviours in Table 1 were scored as states from the 
video recordings using focal sampling and continuous recording with the Observer XT 10 software of Noldus 
Information Technology B.V., Wageningen, The Netherlands. The ethogram is less extensive compared to the 
ethogram in11, as, for example, some behaviour variables contained too many zeros to perform correlations (see 
section statistical analysis) or behaviours were not considered to be valenced behaviours11.

To capture whether the presence of observer pigs led to buffering of the emotional response of the 
demonstrator pigs to the negative treatment, we subtracted the behavioural responses of the demonstrator 
pairs of pigs during this treatment without observer pigs present from their behavioural responses during this 
treatment with observer pigs present, following the approach of Edgar et al.20.

Behavioural observations of observer pigs
The observer pigs were brought in pairs to the test room on days 19, 22, 23 and 24 without the demonstrators 
present. On these days, they were habituated to the test room, but were not given access to the treatments. For the 
aim of this study, we took the behaviour of the observer pigs (ethogram in Table 1) without the demonstrators 
present (average of days 23 and 24) and during the negative treatment of the demonstrator pigs (day 26) into 
account.

To capture the degree of emotional contagion in the observer pigs, we subtracted the behavioural responses 
of the observer pairs of pigs during exposure to the test room without demonstrator pigs from their behavioural 
responses when being present during the negative treatment of the demonstrator pigs, following the approach 
of Edgar et al.20. 

Behaviour Description

Behaviour

 Standing alert Standing motionless with whole body and head (up or down) fixed and ears upright, focused on, for instance, a noise or a wall

 Escape attempts Jumping in air or against the wall or door of a compartment

 Urinating (event)a Urinating

 Defecating (event)b Defecating

Tail postures

 Tail in curl Tail coiled up in a curl on top of the body

 Tail wagging Tail swinging in any direction, but mostly from side to side

Ears postures

 Ears back One or both ears directed backwards

Table 1.  Ethogram used to score the behaviours of both the demonstrator and observer pigs. Behaviours were 
scored as states unless indicated otherwise. a Urinating was scored as having occurred or not. b Defecation 
was analysed by counting the number of faecal droppings. It could be that one defecating instance or event 
consisted of more than one individual droppings.
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Statistical analysis
SAS 9.4 (SAS Institute Inc.) was used for all statistical analyses. First the behaviours of the demonstrator pairs 
and the behaviours of the observer pairs were averaged because the pigs within a pair are not independent of each 
other11. Thereafter, correlations were performed to determine the presence of positive or negative correlations 
between the difference in observer pigs’ behavioural responses to the demonstrator pigs being subjected to 
a negative treatment (i.e., observer pigs’ responses to the negative treatment of the demonstrator pigs minus 
observer pigs’ responses without demonstrator pigs present) and the difference in demonstrator pigs’ behaviours 
as a result of the presence of the observer pigs during the negative treatment (i.e., demonstrator pigs’ behavioural 
responses to the negative treatment with observer pigs present minus their responses without observer pigs 
present)20.

Pearson correlations were performed when the response of both observer and demonstrator pigs followed a 
normal distribution (Skewness and Kurtosis < |2|, and a Shapiro-Wilk value ≥ 0.9 with a P-value ≥ 0.10, using 
the proc univariate procedure). Spearman correlations were performed when either one or both responses 
did not follow a normal distribution. Correlations were regarded significant with P < 0.05 and a trend with 
0.05 < P < 0.10.

Data availability
Data are available upon request by contacting the corresponding author.
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